SYNOPSIS Two groups of parathyroid glands have been examined for intrafollicular amyloid. In glands removed surgically it was found in nine cases (16 Y.); in glands removed at necropsy it was found in 23 cases (46 %). Also, two postmortem cases of systemic amyloidosis showed involvement of parathyroid glands with an entirely different distribution of amyloid. Compared with other amyloids the tinctorial properties of the intrafollicular amyloid were uniform in reactions with Congo red and Thioflavin T, but the intensity of the staining reaction for amino acids tryptophan and tyrosine was not constant for the follicle amyloid. This variation may be a feature of a maturation process but the derivation of this amyloid remains uncertain.
Intrafollicular amyloid in the parathyroid glands of hyperparathyroidism was described by Leedham and Pollock (1970) . In the course of a review of surgical material from cases of hyperparathyroidism (Anderson, 1974) it was apparent that amyloid could be detected not only in pathological but also in normal tissue. The present study was made to assess the frequency of cases with amyloid in parathyroid glands and to examine its characteristics. levels stained by haematoxylin and eosin were screened for intrafollicular amorphous eosinophilic material that developed anomalous colours when viewed between crossed polars (Brewer, 1964) . Positive examples were confirmed as amyloid on subsequent Congo red stains (Puchtler, Sweat, and Levine, 1962) by repeat examination under polarized light for dichroism and green birefringence.
Materials and Methods
The dimethylaminobenzaldehyde nitrite method (Adams, 1957 ) was used to demonstrate tryptophan and the diazotization-coupling method (Glenner and Lillie, 1959) for tyrosine. Thioflavin T stains were made according to the method of Vassar and Culling (1959) -(+) = positive, (±) = variable, (-) negative, BR/D = green birefringence and dichroism 2Pearse, Ewen, and Polak, 1972. Another variable which arose was the number of glands involved per case, although it was realized that the methods used provided only a minimal level of detection. Table IV demonstrates that a high proportion of the surgical cases showed multigland involvement, whereas 750 of the postmortem cases showed only a single positive gland.
$~~~~~~~~~~~~~~~~~~~~~S YSTEMIC AMYLOIDOSIS
The two cases showed a distribution of parathyroid amyloid that was entirely different from the cases already described. In each case all four glands were involved and deposition was prominent periarterially as well as in the interstitium around the periphery of the gland (fig 4) . z.-s The reactions of parathyroid amyloid to a variety of tests is shown in table V for comparison with amyloids of other types. Microscopic appearances after Congo red or Thiofiavin T treatments were the same for all, but the property of autofluorescence was difficult to assess in the parathyroids because of the strong autofluorescence of follicle colloid, thus leading to confusion. Further complication was added by the observation that amyloid follicles, when identified, showed variable autofluorescence. In some it was moderate whereas in a few it was absent.
A similar variability was encountered in the reactions of intrafollicular amyloid for the amino acids tryptophan and tyrosine. The follicle colloid was always strongly positive, whereas areas corresponding to amyloid showed diminished reactivity (figs 5, 6). The variation in amino acid staining intensity, which existed within a single gland, was examined more closely in a total of 35 follicles in glands from nine cases (two surgical and seven at necropsy), when follicle material was identified on sections stained first with Congo red and subsequently restained for tryptophan. Compared with the strong reaction of the more homogeneous colloid, the amyloid was non-homogeneous in reaction and was of equivalent intensity in five follicles, of only moderate intensity in 29, and negative in one.
Discussion
The difference in intrafollicular amyloid of the surgical and the postmortem series is mainly one of degree. Although there is no evidence that this amyloid is of clinical significance two major issues which require comment are its incidence and its derivation.
INCIDENCE
The proportion of positive cases in the present hyperparathyroid series is comparable with that of Leedham and Pollock (1970) , but in the postmortem cases the frequency is much greater than both and is even greater than the 30 % recorded for postmortem cases in Boston (Lieberman and De Lellis, 1973) . Two factors which need to be taken into account, however, are the age of patients and the restriction of assessment in surgical cases to biopsies of normal glands. In view of the acknowledged localization of amyloid within glands and the limitation of screening procedures these biopsies cannot be compared equally with the glands completely removed at necropsy. Also, age has been considered to have an influence on the incidence of localized amyloid deposits in the pancreas (Schwartz, 1965) and other endocrine organs (Ravid, Gafni, Sohar, and Missmahl, 1967) . Thus, despite lack of clear evidence that intrafollicular amyloid was commoner in parathyroid glands of older age groups at necropsy (fig 3) , differences in mean ages between the present postmortem and surgical series, especially for males, may be an additional factor to explain the lower incidence among surgical cases. It is of interest, though, that the mean age of the amyloid-positive males in the London series was 43-2 years (Leedham and Pollock, 1970) .
Although amyloid was more evident in postmortem cases there was no impression of any accu-mulation in glands with age. This suggests that there is a metabolic turnover of the amyloid which deserves closer examination (Lendrum, Slidders, and Fraser, 1972; see below) . Certainly, the frequency with which amyloid is detected in normal glands indicates that it may be associated with physiological function, the excess in pathological tissue being connected with overactivity.
With regard to pathological tissue, the predominance of adenoma cases also contrasts with the experience of Leedham and Pollock (1970) , seven of whose nine cases showed chief cell hyperplasia that in five instances was associated with multiple endocrine adenomatosis. The present results suggest that this association is fortuitous, and indeed, a single case of multiple endocrine adenomatosis in the Aberdeen surgical series was negative for amyloid.
DERIVATION OF AMYLOID
Origins of amyloid from light (kappa) immunoglobulin fragments have been proposed (Glenner, Ein, and Terry, 1973) for some forms of systemic amyloidosis. Differences between this type and intrafollicular amyloid were apparent in the present study. Another type of amyloid is associated with endocrine tumours, notably medullary carcinoma of thyroid (Williams, Brown, and Doniach, 1966 ) and pancreatic islet cell tumours (Porta, Yerry, and Scott, 1962) . The cells which give rise to these endocrine tumours in different organs have been assigned to one system, the APUD cell system (Pearse, 1969) , and it is currently believed that this amyloid, termed 'apudamyloid', is formed from the C-peptide portion remaining after the metabolism of prohormone to yield the active product (Pearse, Ewen, and Polak, 1972) . These authors reported differences in histochemical characteristics between apudamyloid and the amyloid of immunoglobulin origin (immunamyloid), notably the absence of tryptophan and tyrosine from the former.
It is apparent that parathyroid amyloid does not conform wholly to the characteristics of either of these two forms. No significance can yet be attached to the variable reactivity shown by intrafollicular amyloid for these amino acids, which were chosen for this study on an empirical basis. However, Lendrum et al (1972) have drawn attention to an assumed aging process for renal amyloid (immunamyloid) to explain alterations in staining characteristics, a diminution of intensities being equated with older age of maturation. So also might a maturation process underlie the variation in demonstrable tryptophan content of amyloids. At present, it does not seem warranted to distinguish different types of amyloid on the basis of histochemical reactions which may be influenced by an unpredictable process of maturation. Nevertheless the changes in amino acid reactivity provide some explanation for the non-uniform autofluorescent appearances. There is circumstantial evidence (figs 2, 6) for a connexion between amyloid and the follicle colloid, which showed consistently strong positive amino acid reactions. Alteration in the composition or configuration of the colloid material associated with amyloid formation might be responsible for a change in content or reactivity of tryptophan, with an effect on the property of autofluorescence. Pearse et al (1972) suggested that the autofluorescence of some amyloids is due to tryptophan, tryptophan metabolites, or possibly to transfer of the excited state from nearby tyrosine molecules (Kronman and Holmes, 1971) . Rother (1970) believes that some parathyroid follicles are involved in the production or storage of hormone, but the nature of the hormone is uncertain. Leedham and Pollock (1970) favoured an association of amyloid with calcitonin production, a process for which there is some evidence from human parathyroid gland extracts (Galante, Gudmundsson, Matthews, Tse, Williams, Woodhouse, and MacIntyre, 1968 ) despite lack of histological evidence for cells of the APUD system in human parathyroid glands. Calcitonin is of course better recognized as the product of thyroid parafollicular C cells which are part of the APUD system (Pearse, 1969 ). Yet parathormone, too, needs to be considered as there is evidence from human tissue that its formation is via a prohormone (Martin, Greenberg, and Michelangeli, 1973) , thus conforming with the pattern of association between endocrine amyloids and such a mechanism of polypeptide hormone manufacture. It is worth noting that amyloid has been observed in bovine glands (Black, Capen, and Arnaud, 1973) in a situation which corresponds with the immunofluorescent identification of parathormone (Perkin, Bader, Tashjian, and Goldhaber, 1968) .
It has been deduced that a ,-pleated sheet is the structural conformation of amyloid fibres (Glenner, Eanes, and Page, 1972) . Although polymerization of the polypeptide hormones, insulin, and glucagon, yields material with the physical properties identical to amyloid (Glenner, Eanes, Termine, Bladen, and Linke, 1973 ) further work will be required to substantiate an inference that the amyloid of the present study is hormone derived.
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